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Immunization with UV-Induced Apoptotic Cells Generates
Monoclonal Antibodies Against Proteins Differentially
Expressed in Hepatocellular Carcinoma Cell Lines
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ABSTRACT
Early and differential diagnosis of hepatocellular carcinoma (HCC) requires sensitive and specific tissue and
serum markers. On the other hand, proteins involved in tumorigenesis are extensively modulated on expo-
sure to apoptotic stimuli, including ultraviolet (UVC) irradiation. Hence, we generated monoclonal antibod-
ies by using UVC-irradiated apoptotic cells of an HCC cell line, HUH7, aiming to explore proteins differen-
tially expressed in tumors and apoptosis. We obtained 18 hybridoma clones recognizing protein targets in
apoptotic HUH7 cells, and clone 6D5 was chosen for characterization studies because of its strong reactivity
in cell-ELISA assay. Subtype of the antibody was IgG3 (). Targets of 6D5 antibody were found to be abun-
dantly expressed in all HCC cell lines except FLC4, which resembles normal hepatocytes. We also observed
the secretion of 6D5 ligands by some of the HCC cell lines. Moreover, cellular proteins recognized by the an-
tibody displayed a late upregulation in UVC-induced apoptotic cells. We concluded that 6D5 target proteins
are modulated in liver tumorigenesis and apoptotic processes. We therefore propose the validation of our an-
tibody in tissue and serum samples of HCC patients to assess its potential use for the early diagnosis of HCC
and to understand the role of 6D5 ligands in liver carcinogenesis.
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INTRODUCTION
HEPATOCELLULAR CARCINOMA (HCC) is one of the most fre-quently occurring cancers worldwide, and in some regions
of Asia, represents the primary cause of death due to cancer.(1,2)
Its incidence continues to increase throughout the world due to
hepatitis B virus (HBV) infections in developing countries,(3)
and hepatitis C virus (HCV) infections(4) and excessive alco-
hol intake(5) in developed western countries and Japan. These
liver-damaging agents lead to liver cirrhosis, which, once es-
tablished, constitutes the major background for HCC develop-
ment.(6) Therefore, patients with liver cirrhosis are periodically
surveyed for the diagnosis of HCC at early stages of tumor de-
velopment. Serum -fetoprotein levels (AFP) and hepatic ul-
trasonography (HUS) are the screening tools of choice,(7) yet
other promising biomarkers, such as des-gamma carboxypro-
thrombin, lens culinaris-agglutinin reactive AFP, human hepa-
tocyte growth factor-1 (HGF-1), insulin-like growth factor-1
(IGF-1), and glypican-3, are currently under intensive investi-
gation.(8,9) However, the sensitivity and the specificity of these
tumor markers for HCC are variable and most of them are not
introduced yet into routine clinical practice.(9) Therefore, the
development of novel markers for HCC with stronger sensitiv-
ity and specificity is of great importance for the surveillance of
patients with liver cancer risk.
Cancer cells develop various strategies, including resistance
to apoptotic stimuli, in order to escape from host immune sur-
veillance mechanisms.(10) They increase the expression of an-
tiapoptotic proteins, while decreasing proapoptotic ones, either
by mutations or epigenetic regulations.(11,12) In order to explore
proteins that are modulated in apoptosis and tumorigenesis pro-
cesses, we produced monoclonal antibodies by using as im-
1Department of Molecular Biology and Genetics, Bilkent University, Ankara, Turkey.
2Department of Medical Histology, Gulhane Military Medical Academy, Ankara, Turkey.
3Current address: Department of Cellular and Molecular Pharmacology, The Cancer Institute of New Jersey, The Robert Wood Johnson Med-
ical School, University of Medicine and Dentistry of New Jersey, New Brunswick, New Jersey.












































munogen UVC-induced apoptotic cells of an HCC cell line,
HUH7. The expression of the targets of clone 6D5 was studied
in both HCC cell lines and apoptosis-induced HUH7 and Ju-
rkat cells. 
MATERIALS AND METHODS
HCC cell lines and antibodies
HCC-derived HUH7, Hep40, Hep3B, Hep3B-TR,
PLC/PRF5, FLC4, SK-Hep1, Focus, Mahlavu, SNU182,
SNU387, SNU398, SNU449, and SNU475 and hepatoblas-
toma-derived HepG2 cell lines were analyzed. SNU182,
SNU387, SNU398, SNU449, and SNU475 cell lines were
grown in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS) 100 IU penicillin, 100 g streptomycin,
and nonessential amino acids (RPMI-10). All other cell lines
were grown in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% of FBS, 100 IU penicillin, 100 g
streptomycin, and nonessential amino acids (DMEM-10). Sp2/0
mouse myeloma cells were grown in high-glucose DMEM-10
and used as fusion partner for hybridoma production. A T-cell
leukemia cell line, Jurkat, was grown in RPMI-10. Anticalnexin
monoclonal antibody was a kind gift of Dr. Mehmet Ozturk
(Bilkent University, Ankara, Turkey). Anti-Fas antibody (clone
CH11) was purchased from Upstate Biotechnology (Lake
Placid, NY).
Apoptosis induction in HUH7 and Jurkat cells
Two well-established apoptosis-induction methods, UVC ir-
radiation and anti-Fas treatment, were used for HUH7 and Ju-
rkat cells, respectively.(13) Briefly, HUH7 cells were grown to
80–90% confluency in 10 cm tissue culture plates. Cells were
washed three times with phosphate-buffered saline (PBS) and
exposed to UVC irradiation (20J/M2) in UV-crosslinker appa-
ratus (Stratagene, La Jolla, CA). After the addition of fresh
medium, plates were transferred into CO2 incubator. Jurkat cells
were plated at a density of 5  105/mL and treated for 24 h
with 50 ng/mL of anti-Fas antibody. Both treated and untreated
HUH7 and Jurkat cells were then collected at desired time
points for subsequent apoptosis detection and Western blot as-
says. Apoptosis was analyzed both by examining morphologic
changes under the light microscope and by Annexin V staining
(Annexin V-FITC Apoptosis Detection Kit, Sigma-Aldrich, St.
Louis, MO) of apoptotic cells, according to the manufacturer’s
instructions.
Immunization and production of 
monoclonal antibodies
5–10  106 UVC-treated apoptotic HUH7 cells were scraped
from culture plates and, after washing with PBS, were injected
into the peritoneal cavity of 6- to 8-week-old BALB/c mice
(day 0). Three more injections were repeated at 3 week inter-
vals, and immunization efficiency was assessed on days 25 and
45 by cell-ELISA, as described below. Three days after the last
injection, immunized mice were sacrificed and their spleen cells
were fused with Sp2/0 mouse myeloma cells by standard pro-
tocol.(14) Hybrid cells were plated into 96-well tissue culture
plates in hybridoma growth medium consisting of high-glucose
DMEM supplemented with 20% FCS, 100 IU penicillin, 100
g streptomycin, nonessential amino acids, and hybridoma se-
lection reagents (hypoxantine, aminopterin, thymidine (HAT);
Sigma-Aldrich). Screening of hybrid cells was performed by
cell-ELISA and clones with high absorbance values were sub-
jected to subclonings by limited dilution. Isotype of antibodies
was determined by ImmunoPure Monoclonal Antibody Isotyp-
ing Kit (Pierce, Rockford, IL), according to the manufacturer’s
instructions.
Cell-ELISA
HUH7 cells were plated in 96–well tissue culture plates at a
density of 5  104 cells/well, and UVC irradiation was applied
when cells reached confluency. After 16 h, medium was aspi-
rated from the wells of culture plates and cells were fixed by
100% ice-cold methanol. Next, fixed cells were incubated at
room temperature with supernatant of growing hybridomas for
2 h followed by incubation for 1 h with alkaline phosphatase
(AP) conjugated anti-mouse IgG (Sigma-Aldrich) at 1:1000 di-
lution. Colorimetric reaction was allowed to occur by using
paranitrophenylphosphate (pNPP) substrate solution (pNPP
tablets, Sigma-Aldrich). Plates were read at A405 using a mi-
croplate reader (Beckman, Fullerton, CA). Between each step
of cell-ELISA, wells were washed gently with PBS to prevent
the detachment of fixed cells.
Western blotting
Total cell lysates from 14 HCC and Jurkat cell lines were
prepared in NP-40 lysis buffer (50 mM Tris-HCl pH 8.0, 150
mM NaCl, 1% Non-idet P40 [v/v] and a cocktail of EDTA-free
protease inhibitors [Roche Diagnostics, Mannheim, Germany]).
Protein content was measured by Bradford assay.(15) Equalized
lysates were run on 10% SDS-PAGE and then transferred onto
polyvinylidene fluoride (PVDF) membranes by using semi-dry
transfer apparatus (Bio-Rad Laboratories, Hercules, CA). Mem-
branes were blocked overnight with 5% dry milk in Tris-
buffered saline (TBS) containing 0.1% Tween-20 (TBS-T).
Undiluted 6D5 hybridoma supernatant was used as primary an-
tibody. After washing three times with TBS-T, horseradish per-
oxidase (HRP) conjugated anti-mouse IgG (Sigma-Aldrich)
was used as secondary antibody at 1:5000 dilution. Protein
bands were visualized using ECL Plus chemiluminescent sub-
strate (Amersham, Piscataway, NJ). For equal loading control,
membranes were reprobed with anticalnexin antibody.
Immunofluorescence
HUH7, HepG2, and PLC/PRF5 cells were grown on cover
slips in 6-well plates. PBS was used in all washing steps. Cells
were fixed in 2% paraformaldehyde in PBS and permeabilized
in PBS containing 0.2 % triton X-100. After blocking with 2%
bovine serum albumin (BSA) in PBS, cells were incubated for
2 h at room temperature with undiluted 6D5 hybridoma super-
natant. Fluorescein isothiocyanate (FITC) conjugated anti-
mouse IgG (Sigma-Aldrich) was used as secondary antibody at
1:200 dilution. Nuclei counterstaining was performed with 4,6-
diamidino-2-phenylindole (DAPI); cover slips were mounted on
glass slides and examined under fluorescent microscope (Carl
Zeiss, Göttingen, Germany). Merged images were produced by













































Immunoprecipitation and Western blotting (IP-WB) of
secreted proteins
First serum-free culture media of HCC cell lines were incu-
bated for 2 h at 4°C with 100 L of 6D5 hybridoma super-
natant; then 50 L of protein G agarose beads (East Coast Bi-
ologicals), pre-cleaned with three PBS washes, were added. The
mixture was incubated overnight at 4°C with continuous rota-
tion. Next, beads were precipitated by centrifugation, washed
three times with PBS, and antigen-antibody complexes were
eluted by resuspending beads with an equal volume of 2X SDS-
PAGE sample loading buffer (100 mM Tris-Cl pH 6.8, 4% SDS,
0.2% bromophenol blue, 20% glycerol and freshly added 200
mM DTT). SDS-PAGE and Western blotting were performed
as described above.
RESULTS
Immunization with apoptotic HUH7 cells
To determine the appropriate time for harvesting cells fol-
lowing apoptosis induction, we looked for the presence of apop-
totic cells at various times after ultraviolet irradiation. HUH7
cells were grown on cover slips and exposed to UVC at 20
J/M2. FITC-labeled Annexin V analyses of UVC-treated and
untreated HUH7 cells were performed at 4 h and 24 h post-
UVC treatment. Treated cells displayed strong reactivity with
FITC-labeled Annexin V at both time points, while very low
staining, if any, was observed in unstimulated HUH7 cells (Fig.
1). Therefore, we started immunization of BALB/c mice with
cells harvested at 16 h post-UVC treatment, and we repeated
injections of apoptotic cells at 3 week intervals. The develop-
ment of an immune response in mice sera was assessed by cell-
ELISA, as described in the above Materials and Methods sec-
tion (data not shown).
Production of monoclonal antibodies
Following the fusion of spleen cells of immunized mice with
Sp2/0 myeloma cells, cell-ELISA assays were performed. This
time HUH7 cells were grown to confluency in 96-well tissue
culture plates and then exposed to UVC to screen apoptotic cells
for their immunoreactivity with antibodies secreted by hy-
bridoma clones. We obtained 18 hybridoma clones recognizing
protein targets in apoptotic cells. Out of these, clones 6D5,
6E10, 9C11, and 11G8 displayed higher cell-ELISA absorbance
values, with 6D5 showing highest ELISA titer (data not shown).
All reactive clones were subcloned two times by limiting dilu-
tion, and monoclonal antibody–secreting hybridomas were ex-
panded in culture for supernatant collection and cryopreserva-
tion. Characterization studies were then initiated with 6D5
antibody by reasoning that high cell-ELISA titer of this clone
might correlate with overexpression of its ligands in both HCC
cell lines and cells undergoing apoptosis upon ultraviolet irra-
diation. The isotype of the antibody was found to be IgG3 ().
6D5 recognizes differentially expressed proteins in
HCC cell lines
We first analyzed the immunoreactivity of 6D5 antibody with
whole cell lysates of HCC cell lines. In three separate Western
blot assays, two major proteins with closer molecular weights
of 80 kDa were found to be expressed either alone or con-
comitantly in all studied cells (Fig. 2, upper row). Strong band
intensity suggested an abundant expression of the proteins in
these cell lines. Equal protein loading analysis was performed
by reprobing the membrane with anticalnexin antibody (Fig. 2,
lower row). Lysates of all cells have been shown to contain
equal amounts of total protein, except SK-Hep1 cells, which
displayed a significant decrease in calnexin protein level. This
result repeatedly persisted in independent immunoblots, sug-
gesting a downregulation of this ER chaperone in that cell line.
Cell lines deriving from undifferentiated and invasive tumors,
including SNU475, SNU398, SNU449, SNU387, SK-Hep1,
and Mahlavu, seemed to express 6D5 ligands stronger than did
differentiated HUH7 and HepG2 cell lines (Fig. 2, left and mid-
dle panels). However, no other correlation could be established
between the protein expression patterns and phenotypic char-
acteristics of cell lines. Protein expression was also examined
in two isogenic cell lines, Hep3B and Hep3B-TR, and a third
protein band with lowest molecular weight was observed only
in Hep3B cells (Fig. 2, right panel). These cell lines have been
described elsewhere, and Hep3B-TR cells differ from Hep3B
cells by their resistance to the growth inhibitory effect of TGF-
beta in cell culture.(16) We also compared target protein ex-
pression in HUH7 and FLC4 cells and found that the latter was
totally devoid of any 6D5 ligands (Fig. 3). The hepatoma cell
line FLC4 was established from a well-differentiated HCC and
found to possess normal liver functions.(17,18) We therefore sug-
gest that 6D5 targets are upregulated in HCCs.
6D5 stained the cytoplasm of HCC cell lines
Next we visualized the cellular localization of 6D5 targets
by immunofluorescence microscopy in three HCC cell lines.
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FIG. 1. Annexin V-FITC staining of HUH7 cells after UVC
irradiation. Cells were grown on cover slips in 10 cm culture
plates and then exposed to 20J/cm2 of UVC. Annexin V-FITC
staining was performed at 4 h (A) and 24 h (C) post-UVC treat-












































6D5 stained the cytoplasm of HUH7, HepG2, and PLC/PRF5
cells. The strong intensity of the fluorescent signal supported
our observation that proteins recognized by this antibody are
abundantly expressed in HCC cell lines (Fig. 4).
Secretion of 6D5 targets form HCC cells
Protein secretion was searched first in the supernatant of iso-
genic cell lines Hep3B and Hep3B-TR. Cells were cultured up
to 70–80% confluency and then starved for 48 h before the col-
lection of supernatants. This strategy allowed us to eliminate
abundant proteins deriving from fetal calf serum. In the IP-WB
experiment, we detected expression of target proteins only in
the Hep3B culture medium (Fig. 5). A lower band with sharp
intensity and a heavier weak one were observed. However, the
third protein band detected in whole cell lysate of Hep3B cells
(Fig. 2) was absent in IP-WB (Fig. 5). The differential behav-
ior of Hep3B and Hep3B-TR cell lines in protein secretion also
supports our finding that target proteins are differentially ex-
pressed in these cells (Fig. 2). We also analyzed the secretion
of target proteins from other HCC cell lines, including Focus,
HUH7, SNU398, and Mahlavu. Following IP-WB with their
supernatants, we detected faint protein bands in the supernatants
of Focus and SNU398 cells, but not in those of Mahlavu and
HUH7 cells (data not shown).
Effects of apoptosis induction on the expression of
6D5 targets
Next, we examined the modulation of 6D5 ligands in Jurkat
and HUH7 cells treated with anti-Fas antibody and UVC, re-
spectively. Both cells were collected at 24 h post-treatment, and
the expression of 6D5 target proteins was visualized by West-
ern blotting. An induction on protein level was observed for
UVC-treated HUH7 cells, but unexpectedly neither untreated
nor anti-Fas-treated Jurkat cells displayed 6D5 ligand expres-
sion (Fig. 6, upper row). The same membrane was then reprobed
with 9C11 antibody, and target proteins of this clone were found
to be expressed by both cell lines, in both apoptotic and non-
apoptotic conditions. We therefore turned to investigate in more
detail the modulation of 6D5 proteins in HUH7 cells commit-
ted to apoptosis under UVC treatment. We harvested cells at
various time points after UVC irradiation and compared the pro-
tein expression with that of untreated HUH7 cells. As shown
in Figure 7, protein expression was significantly reduced dur-
ing the initial phases of apoptosis (2, 4, and 8 h after treatment),
followed by a recovery at hour 16, with protein levels exceed-
ing those of untreated cells. This recovery was sustained at hour
24 post-UVC treatment, indicating an intermediate-to-late up-
regulation of 6D5 ligands in cells undergoing apoptosis.
DISCUSSION
The choice of HUH7 cells as immunogen is based on our
previous observations that these cells remain attached to cul-
ture plate surfaces even after they commit suicide.(13) In fact,
this property facilitated the collection of cells for immunization
with minimal cell loss and allowed us to perform accurate cell-
ELISA assays. On the other hand, HUH7 cells consist of het-
erogeneous cell populations, which make them an ideal source
for the identification of novel markers for liver tumors, as well
as the characterization of liver precursor cells involved in he-
patocellular carcinogenesis.(19)
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FIG. 2. Expression of 6D5 target proteins in HCC cell lines. Whole cell lysates of HCC cell lines were analyzed in three sep-
arate Western blots. Total protein extracts on PVDF membranes were first probed with 6D5 (upper row) and then with antical-
nexin (lower row) antibodies. Two major protein bands with molecular weight close to 80 kDa were displayed by all cells alone
(HUH7, HepG2, SNU-182, Hep40, SNU-398, SNU-387) or concomitantly (SNU-475, SK-Hep1, Focus, SNU-449, Mahlavu,
Hep3B-TR). Only Hep3B cells expressed a third protein band with the lowest molecular weight. 
FIG. 3. Lack of target protein expression in FLC4 cell line.
Target protein expression of HUH7 cells and FLC4 cells was
compared by Western blotting. Immunoblot was first probed
with 6D5 antibody. No protein expression was observed in
FLC4 cells (upper row). Equal protein loading was controlled













































Our Western blot analyses pointed out several important con-
clusions. First, proteins recognized by 6D5 antibody are abun-
dantly and differentially expressed in HCC cell lines, and this
expression appears to increase in poorly differentiated cells.
Second, target proteins are differentially expressed in both cell
lysates and supernatants of Hep3B and Hep3B-TR isogenic cell
lines. The fact that these cells mainly differ in their response to
TGF- suggests a modulation of 6D5 protein expression by this
cytokine-mediated pathway. Third, only FLC4 cell line failed
to express proteins recognized by our antibody. Well-differen-
tiated FLC4 cells are known to have relatively well-preserved
liver cell functions, such as albumin synthesis and enzyme and
drug metabolism activities.(20,21) The absence of target proteins
in these cells resembling normal hepatocytes encouraged us to
suggest the overexpression of 6D5 ligands in hepatocellular car-
cinogenesis. Moreover, we also found that Jurkat cells lack
these proteins and hypothesized that 6D5 ligand expression oc-
curs in a tissue-restricted manner. Taken together, we propose
that 6D5 target proteins are underexpressed in normal liver, up-
regulated in well-differentiated HCC, and attain culmination in
poorly differentiated tumors.
The appearance of multiple bands in our Western blots might
be due to the expression of isoforms and/or post-translationally
modified forms of the 6D5 target protein rather than sponta-
neous protein degradation, since reprobing the membrane with
anti-calnexin antibody revealed single bands in all studied cell
lines. This also led us to seek known HCC markers displaying
different forms and showing the same pattern as 6D5 ligands
in similar studies. The most widely used HCC tumor marker is
AFP, which may be translated from multiple RNA transcripts
(i.e., 2.2, 1.7, 1.6, and 1.35 kb), resulting in the expression of
protein isoforms with molecular weights similar to those of 6D5
target proteins.(22) However, previous studies have clearly
shown that AFP expression is restricted to well-differentiated
cell lines and is absent in others.(23,24) Therefore, according to
our Western blot experiments showing that 6D5 ligands are ex-
pressed in all HCC cell lines regardless of their differentiation
state (Fig. 2), we excluded the possibility that 6D5 antibody is
directed against AFP epitopes. Another protein, which is sub-
jected to intensive investigation, is glypican-3; results from
many studies support its usefulness as a promising marker for
HCC.(8,25) This protein too, when expressed, gives rise to sev-
eral isoforms, whose molecular weights approximate those of
protein bands that we observed in our Western blot analyses.
However, glypican-3 is a proteoglycan bound to the cell mem-
brane through GPI anchor, whereas no membrane staining was
observed on HCC cells in our immunofluorescence assay with
6D5 antibody (Fig. 4). Another group of proteins that displays
differential expression in response to cellular stresses and is
overexpressed in many cancers consists of members of heat
shock proteins (HSP). Most HSPs reside in the cytoplasm and
ER and counteract apoptotic stimuli by preventing misfolding
of proteins.(26) Two important members, with molecular
weights of 70 and 72 kDa, respectively, include Hsp70 and
GRP78/BiP and have been recently reported to be upregulated
in HCC.(27) Their expression was repeatedly shown in Jurkat
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FIG. 4. Immunofluorescence analysis of HCC cell lines with 6D5 antibody. Cells were grown on cover slips and cellular lo-
cation of target proteins in HUH7, HepG2, and PLC/PRF5 cell lines was evaluated by indirect immunofluorescence using 6D5
antibody. DAPI was used for nuclei counterstaining, and merged images were obtained by using image processing software. All
cell lines exhibited strong cytoplasmic staining.
FIG. 5. Secreted forms of 6D5 target proteins. Protein secre-
tion was evaluated in isogenic cell lines Hep3B and Hep3B-
TR. Proteins were immunoprecipitated from serum-free 
supernatants of these cells. Following SDS-PAGE and elec-
troblotting, the membrane was probed with 6D5 antibody. Tar-
get protein bands were detected only in the supernatant of
Hep3B cells. Lower bands appearing in both supernatants cor-












































cells,(28,29) which failed to display 6D5 ligands both in apop-
totic and nonapoptotic conditions (Fig. 6). We therefore rea-
soned that these proteins could not be the targets of our mono-
clonal antibody.
Immunofluorescence analysis with 6D5 antibody revealed per-
inuclear and granular staining pattern reminiscent of an endo-
plasmic reticulum location and prompted us to investigate the se-
cretion of proteins recognized by our monoclonal antibody.
However, secreted forms of target proteins were observed only
in a limited number of HCC cell lines. Nevertheless, we cannot
exclude the possibility that the levels of secreted proteins by other
cells might be below the detection limit of our IP-WB. There-
fore, it would be useful to screen HCC patients’ sera with our
antibody to validate the tumor marker potential of target proteins.
Tumor cells harbor mechanisms enabling them to bypass
apoptotic cell death, which might result from cellular stresses,
and attack by immune effector cells and anti-cancer therapeu-
tic agents. Proteins involved in apoptotic processes are subject
to differential modulation upon encounter with genotoxic stim-
uli.(30) In our study, we triggered apoptosis by treating HUH7
cells with UVC irradiation and examined the expression of 6D5
target proteins. It has been reportedly shown that protein syn-
thesis is inhibited in cells exposed to UV stress through phos-
phorylation of the  subunit of eukaryotic translation initiation
factor 2.(31,32) One of the latter studies also reported a sustained
suppression of translation for up to 48 h.(31) This is in sharp
contrast with our observation that 6D5 target proteins display
an intermediate-to-late upregulation, which culminates at 24 h
post-UVC treatment.
The gene expression pattern of cells exposed to genotoxic
stresses varies enormously depending on both the experimen-
tal conditions and genetic backgrounds of cells.(33) This phe-
nomenon supports our results that 6D5 ligands are subject to
modulation in our experimental settings based on UVC irradi-
ation. However, taken together with our data showing abundant
expression, as well as secretion of target proteins by HCC cell
lines, we can conclude that the ligands of our antibody are some
of the molecular players involved in liver tumorigenesis. Tar-
get protein identification and examination of the reactivity of
this antibody with tissues and sera of HCC patients would be
useful for the exploitation of 6D5 in diagnostic and prognostic
studies of HCC.
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FIG. 6. Induction of apoptosis in HUH7 and Jurkat cells. Apoptosis was induced in HUH7 and Jurkat cells by UVC and anti-
Fas antibody treatment, respectively. Cells were collected at 24 h post-treatment and analyzed by Western blotting. An induction
on 6D5 target protein expression was observed in HUH7 cells upon UVC treatment. However, no protein expression occurred
in anti-Fas treated and untreated Jurkat cells (upper row). The membrane was also probed with 9C11 antibody obtained from the
same fusion experiment. This antibody recognized proteins in both cell lines in both control and treated cells (lower row). Pro-
tein ligands of 9C11 appear not to be modulated upon apoptosis induction. 
FIG. 7. Intermediate-to-late induction of 6D5 target proteins in apoptotic HUH7 cells. UVC-treated HUH7 cells were collected
at given time points and compared with untreated control by Western blotting. Immunoblot was first probed with 6D5 antibody
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